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A terminal may select a precoding vector from col-

umn vectors included in a precoding matrix, and feed
back information associated with the selected precoding
vector to a base station. The base station may transmit
data to the terminal using the precoding vector.
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Description

BACKGROUND

1. Field of the Invention

[0001] Embodiments of the present invention relate to a multi-user Multiple Input Multiple Output (MU-MIMO) com-
munication scheme.

2. Description of the Related Art

[0002] A wireless communication system uses a multi-antenna Multiple Input Multiple Output (MIMO) communication
scheme to enhance a frequency efficiency of radio resources. For example, the multi-antenna MIMO communication
scheme may use a codebook-based multi-antenna MIMO communication scheme.
[0003] In the codebook-based multi-antenna MIMO communication, a terminal may select, as a precoding vector, at
least one column vector from a plurality of column vectors included in a precoding matrix, and may feed back information
associated with the selected precoding vector to a base station. The base station may have the same codebook as a
codebook of the terminal. The base station may identify the precoding vector selected by the terminal, based on the fed
back information associated with the precoding vector. The base station may transmit data to the terminal using the
identified precoding vector.
[0004] A particular precoding vector may concentrate transmission energy in a particular direction. Accordingly, when
different terminals receive data using the same precoding vector, a data transmission performance may be deteriorated
due to interference between the terminals.
[0005] The base station may need to select only a single terminal from a plurality of terminals having selected the
same column vector as the precoding vector, and to transmit data to the selected terminal.
[0006] Accordingly, each of the terminals may select a different column vector as the precoding vector to enhance
the data transmission performance.

SUMMARY

[0007] An aspect of the present invention provides a multi-user Multiple Input Multiple Output (MU-MIMO) communi-
cation scheme that may effectively transmit data to a plurality of users at the same time using the same time resource
or frequency resource in a MIMO communication system.
[0008] According to an aspect of the present invention, there is provided a terminal including: a channel estimator to
estimate a channel status of a channel formed between the terminal and a base station; a precoding vector selector to
select a precoding vector from column vectors included in a precoding matrix based on the channel status; a feedback
information generator; and a transmitter. When the precoding vector selector selects consecutive column vectors as
precoding vectors, the feedback information generator may select, as a reference vector, a column vector that is located
at an outermost location among the precoding vectors and may generate, as feedback information, information associated
with the reference vector and a number of the selected column vectors. The transmitter may transmit the feedback
information to the base station.
[0009] According to another aspect of the present invention, there is provided a base station including: a receiver to
receive feedback information from each of terminals included in the base station; a precoding vector identifier to identify
a precoding vector selected by each of the terminals, based on the feedback information; a terminal selector to select,
as a data reception terminal, terminals where the selected precoding vectors do not overlap; and a transmitter to transmit
data to the data receive terminal.
[0010] According to still another aspect of the present invention, there is provided a terminal including: a channel
estimator to estimate a channel status of a channel formed between the terminal and a base station; a precoding vector
selector to select, from column vectors included in a precoding matrix, at least one consecutive column vector including
a first column vector or a last column vector as a precoding vector, based on the channel status; a transmitter to transmit
information associated with the precoding vector to the base station; and a receiver to receive data from the base station
based on the precoding vector.

EFFECT

[0011] According to embodiments of the present invention, it is possible to effectively transmit data to a plurality of
users at the same time using the same time resource or frequency resource in a Multi-user Multiple Input Multiple Output
(MU-MIMO) communication system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and/or other aspects, features, and advantages of the invention will become apparent and more readily
appreciated from the following description of exemplary embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a diagram illustrating a concept of a Multi-user Multiple Input Multiple Output (MU-MIMO) communication
system according to an embodiment of the present invention;
FIG. 2 is a diagram illustrating a precoding matrix and a reference vector according to an embodiment of the present
invention;
FIG. 3 is a diagram illustrating a concept of selecting, from a plurality of terminals, a terminal to receive data according
to an embodiment of the present invention;
FIG. 4 is a block diagram illustrating a configuration of a terminal according to an embodiment of the present invention;
FIG. 5 is a block diagram illustrating a configuration of a base station according to an embodiment of the present
invention; and
FIG. 6 is a block diagram illustrating a configuration of a terminal according to another embodiment of the present
invention.

DETAILED DESCRIPTION

[0013] Reference will now be made in detail to exemplary embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements throughout.
Exemplary embodiments are described below to explain the present invention by referring to the figures.
[0014] FIG. 1 is a diagram illustrating a concept of a Multi-user Multiple Input Multiple Output (MU-MIMO) communi-
cation system according to an embodiment of the present invention.
[0015] A base station 110 may transmit data to terminals 141 and 142 or receive data from the terminals 141 and 142
using a plurality of antennas 121, 122, 123, and 124. The base station 110 may concentrate on transmitting or receiving
the data into a particular direction using the plurality of antennas 121, 122, 123, and 124, and a precoding vector. Since
an effect of interference against other directions decreases, a data rate at the base station 110 may be enhanced.
[0016] In FIG. 1, the terminals 141 and 142 are positioned at different directions. The base station 110 may generate
different beams 131 and 132 using different precoding vectors with respect to the terminals 141 and 142, respectively.
The base station 110 may transmit the data to the terminals 141 and 142 using the generated beams 131 and 132,
respectively.
[0017] The terminals 141 and 142 may have the same codebook. The codebook may include a plurality of precoding
matrices. Each of the precoding matrices may include a plurality of precoding vectors. A precoding vector may be selected
based on a channel status of a channel formed between the base station 110 and each of the terminals 141 and 142.
When the base station 110 transmits data to each of the terminals 141 and 142 using the selected precoding vector,
channel quality information may be generated. Each of the terminals 141 and 142 may transmit, to the base station 110,
the channel quality information and information associated with the precoding vector. Information associated with the
precoding vector may include information associated with an index and a rank of the precoding matrix including the
precoding vector.
[0018] The base station 110 may receive, from each of the terminals 141 and 142, the channel quality information
and information associated with the precoding vector. When the terminals 141 and 142 select different precoding vectors,
the base station 110 may transmit data to the terminals 141 and 142 using the precoding vectors selected by the terminals
141 and 142, respectively. When the terminals 141 and 142 select the same precoding vector, the base station 110 may
compare channel quality information of the terminal 141 with channel quality information of the terminal 142. The base
station 110 may transmit data to a terminal having relatively excellent channel quality information.
[0019] According to an embodiment of the present invention, a base station and a terminal may have the same
codebook. The codebook may include at least one precoding matrix.
[0020] The codebook S may be expressed by the following Equation 1: 
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where Wn denotes an nth precoding matrix constituting the codebook.
[0021] The nth precoding matrix Wn may be expressed by the following Equation 2: 

where wn,l denotes an lth column vector of the nth precoding matrix Wn and l =1, 2,..., L.
[0022] A layer indicates a number of data symbols transmitted from the base station to a single terminal using a
plurality of transmit antennas. When the terminal selects a plurality of precoding vectors, the terminal may feed back,
to the base station, information associated with the selected precoding vectors. The base station may simultaneously
transmit the plurality of data symbols to the terminal using a layer corresponding to each of the precoding vectors.
[0023] When it is assumed that a number of layers transmitted from the base station to the single terminal is M, and
l1th, l2th, ..., lMth column vectors of the nth precoding matrix Wn are used, a precoding matrix to be used may be defined
as given by the following Equation 3: 

[0024] When it is assumed that the base station selects a precoding vector using the nth precoding matrix Wn with
respect to a first terminal, and the first terminal selects, as the precoding vector, a first column vector of Wn when the
number of layers is "1", the first terminal selects, as the precoding vectors, the first column vector and a fourth column
vector of Wn when the number of layers is "2", the first terminal selects, as the precoding vectors, the first column vector,
a second column vector, and the fourth column vector of Wn when the number of layers is "3", and the first terminal
selects, as the precoding vectors, the first column vector, the second column vector, a third column vector, and the fourth
column vector of Wn when the number of layers is "4", the following Equation 4 may be used: 

[0025] When xM = [x1, x2, ···, xM] indicates a data vector that the base station desires to transmit and in this instance,

precoding matrix information to be used is  the base station may transmit 

[0026] When the base station uses column vectors of the nth precoding matrix Wn in an order of l1, l2,..., lL, a precoding
matrix Pn may be defined by the following Equation 5: 

[0027] Specifically, when the base station uses the column vectors of Wn in the order of the above Equation 4, the
precoding matrix Pn may be expressed by the following Equation 6: 



EP 2 197 125 A2

5

5

10

15

20

25

30

35

40

45

50

55

[0028] Here, it is assumed that the first terminal selects the precoding vector based on the precoding matrix Pn of the
above Equation 6. The first terminal may sequentially select the precoding vector from left column vectors. For example,
when the first terminal selects a single precoding vector, the first terminal may select Wn,1. When the first terminal selects
two precoding vectors, the first terminal may sequentially select Wn,1 and Wn,4 When the first terminal selects three
precoding vectors, the first terminal may sequentially select Wn,1, Wn,4, and Wn,2. When the first terminal selects four
precoding vectors, the first terminal may sequentially select Wn,1 Wn,4 Wn,2, and Wn,3.
[0029] A second terminal may select the precoding vector based on a precoding matrix Qn that is generated by
changing orders of column vectors included in the precoding matrix Pn. The second terminal may select the precoding
vector based on the precoding matrix Qn as given by the following Equation 7: 

[0030] Qn of the above Equation 7 may be constructed by arranging the column vectors of Pn in an inverse order of Pn.
[0031] Here, it is assumed that the second terminal selects the precoding vector based on the precoding matrix Qn
of the above Equation 7. The second terminal may sequentially select the precoding vector from left column vectors.
For example, when the second terminal selects a single precoding vector, the second terminal may select Wn,3. When
the second terminal selects two precoding vectors, the second terminal may sequentially select Wn,3 and Wn,2. When
the second terminal selects three precoding vectors, the second terminal may sequentially select wn,3, Wn,2, and Wn,4.
When the second terminal selects four precoding vectors, the second terminal may sequentially select Wn,3 Wn,2 wn,4,
and wn,1.
[0032] Here, it is assumed that each of the first terminal and the second terminal selects two precoding vectors. The
first terminal may select wn,1 and Wn,4 as precoding vectors, and receive data from the base station using the selected
precoding
vectors wn,1 and wn,4. The second terminal may select wn,3 and wn,2 as precoding vectors, and receive data from the
base station using the selected precoding
vectors wn,3 and wn,2. Accordingly, it is possible to maximally prevent each of the first terminal and the second terminal
from selecting the same precoding vector, and to thereby enhance a data rate.
[0033] FIG. 2 is a diagram illustrating a precoding matrix and a reference vector according to an embodiment of the
present invention. Here, it is assumed that a codebook includes only a single precoding matrix for ease of description.
[0034] A first terminal may select at least one precoding vector from a plurality of column vectors included in the
precoding matrix. Here, the first terminal is assumed to select a column vector W1 as the precoding matrix. The first
terminal may generate feedback information that includes a location or an index of the precoding vector W1 in the
precoding matrix.
[0035] For example, the first terminal may assume a matrix P that includes column vectors having the same orders
as orders of the column vectors included in the precoding matrix. The matrix P may be the same matrix as the precoding
matrix. In this case, the feedback information may include information regarding that the first terminal utilizes the matrix
P, and that the precoding vector corresponds to a first vector of the matrix P. The base station may be aware that the
precoding vector corresponds to the first vector of the matrix P based on the feedback information.
[0036] Here, the first terminal is assumed to select two precoding vectors. The first terminal may select two consecutive
column vectors W2 and W3 as the precoding vectors. In this case, the feedback information may include information
regarding that the first terminal utilizes the matrix P, and that the precoding vectors correspond to a second vector and
a third vector of the matrix P. The base station may be aware that the precoding vectors correspond to the second vector
and the third vector of the matrix P based on the feedback information.
[0037] To simply generate the feedback information, the first terminal may select a reference vector from the plurality
of precoding vectors and generate, as the feedback information, information associated with a number of precoding
vectors. For example, when the first terminal selects the column vectors W2 and W3 as the precoding vectors, the first
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terminal may generate, as the feedback information, information regarding that the second column vector of the matrix
P, that is, W2 corresponds to the reference vector, that the number of precoding vectors is "2", and that the column
vectors located to the right of the reference vector, including the reference vector, are selected as the precoding vectors.
The base station may be aware that W3 located to the right of W2 corresponding to the reference vector is also selected
as the precoding vector.
[0038] When the first terminal utilizes the matrix P, the first terminal may select, as the reference vector, a left-most
column vector among the consecutive column vectors. In this case, information regarding that the first terminal utilizes
the matrix P and that the column vectors located to the right of the reference vector, including the reference vector, are
selected as the precoding vectors may be the same as the above information.
[0039] Orders of the column vectors of the matrix P may be determined based on an order of each of the column
vectors selected as the precoding vector.
[0040] For example, when the first terminal selects a single precoding vector, the first terminal may select, as the
precoding vector, W1 that is located furthest to the left of the precoding matrix. When the first terminal selects two
precoding vectors, the first terminal may select, as the precoding vectors, W1 and W2 that are located to the left of the
precoding matrix. When the first terminal selects a plurality of precoding vectors, the selected precoding vectors may
need to be consecutively located.
[0041] In this case, the first terminal may simply construct the feedback information by fixing the reference vector to
W1. Specifically, information regarding that the first terminal selects the precoding vector using the matrix P, and that
W1, which is the first column vector of the matrix P, corresponds to the reference vector may be the same as the above
information.
[0042] Accordingly, the first terminal may simply construct the feedback information by including, in the feedback
information, only information regarding that the first terminal selects the precoding vector using the matrix P, and that
the number of precoding vectors is "2". The number of selected precoding vectors may be referred to as rank information.
[0043] It is described above that the first terminal selects, as the reference vector, a left-most column vector among
consecutive column vectors. However, it is only an example and thus the first terminal may select, as the reference
vector, a right-most column vector among the consecutive column vectors.
[0044] In FIG. 2, a matrix Q may include column vectors having the same orders as orders of the column vectors
included in the precoding matrix. Specifically, the matrix Q may be the same as the matrix P. However, when the second
terminal selects the precoding vector using the matrix Q, the reference vector may be a right-most column vector among
the plurality of column vectors included in the matrix Q. When the second terminal selects the plurality of precoding
vectors, column vectors that are located furthest to the left of the reference vector, including the reference vector, may
be selected as the precoding vectors.
[0045] For example, when the second terminal selects only a single precoding vector, W4 that is located furthest to
the right of the matrix Q may be selected as the precoding vector. When the second terminal selects two precoding
vectors, W3 and W4 may be selected as the precoding vectors.
[0046] FIG. 3 is a diagram illustrating a concept of selecting, from a plurality of terminals, a terminal to receive data
according to an embodiment of the present invention. Here, it is assumed that a codebook includes a plurality of precoding
matrices. In this case, each terminal may need to include, in feedback information, a precoding matrix index (PMI) of a
precoding matrix that includes a precoding vector selected by each terminal, among the plurality of precoding matrices
included in the codebook.
[0047] Referring to FIG. 3, a first row shows items, and a second row shows feedback information associated with a
first terminal. Referring to feedback information associated with the first terminal, a precoding vector selected by the first
terminal may be included in an n0

th precoding matrix among the plurality of precoding matrices. When the first terminal
selects the precoding vector using a matrix P, a P/Q type identifier may be "0". In this case, a reference vector may be
a left-most column vector among a plurality of column vectors included in the matrix P. Since a number of layers is "1",
the base station may be aware that the first terminal selects a single precoding vector. Accordingly, the base station
may be aware that the first terminal selects, as the precoding vector, a first column vector of the n0

th precoding matrix.
[0048] A third row shows feedback information associated with a second terminal. Referring to feedback information
associated with the second terminal, the base station may be aware that the second terminal selects, as precoding
vectors, a first column vector, a second column vector, and a third column vector of an n1

th precoding matrix.
[0049] When a third terminal selects the precoding vector using a matrix Q, the P/Q type identifier may be "1". In this
case, the reference vector may be a right-most column vector among the plurality of column vectors included in the
matrix Q. Since the number of layers is "2", the base station may be aware that the third terminal selects, as the precoding
vectors, a third column vector and a fourth column vector of the n0

th precoding matrix.
[0050] A fifth row shows feedback information associated with a fourth terminal. Referring to feedback information
associated with the fourth terminal, the base station may be aware that the fourth terminal selects, as the precoding
vectors, the third column vector and a fourth column vector of the n1

th precoding matrix.
[0051] Also, referring to feedback information associated with the fourth terminal, the base station may be aware that
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the fourth terminal selects, as the precoding vector, a first column vector of an n2
th precoding matrix.

[0052] Referring to feedback information associated with each terminal, it can be known that the first terminal and the
third terminal select the precoding vector from the column vectors included in the n0

th precoding matrix. More specifically,
the first terminal selects, as the precoding vector, the first column vector of the n0

th precoding matrix. The third terminal
selects, as the precoding vectors, the third column vector and the fourth column vector of the n0

th precoding matrix. The
precoding vectors selected by the first terminal and the third terminal do not overlap. In this case, the base station may
transmit data to the first terminal and the third terminal using the selected corresponding precoding vectors.
[0053] Referring to feedback information associated with the second terminal and the fourth terminal, it can be known
that the second terminal and the fourth terminal select the precoding vectors from the column vectors included in the
n1

th precoding matrix. More specifically, the second terminal selects, as the precoding vectors, the first column vector,
the second column vector, and the third column vector of the n1

th precoding matrix. The fourth terminal selects, as the
precoding vectors, the third vector and the fourth column vector of the n1

th precoding matrix. The precoding vectors
selected by the second terminal and the fourth terminal overlap. In this case, the base station may select only one
terminal from the second terminal and the fourth terminal, and may transmit data to the selected terminal using the third
column vector as the precoding vector.
[0054] According to an embodiment of the present invention, each terminal may transmit feedback information to a
base station by including, in the feedback information, channel quality information associated with each precoding vector.
The base station may determine a terminal to receive data using a corresponding precoding vector, based on the channel
quality information.
[0055] The channel quality information may be, for example, a signal-to-noise ratio (SNR) when each terminal receives
data using a corresponding precoding vector. The base station may compare SNRs in a case where each terminal
receives data using a particular column vector, and may select, as the terminal to receive the data, a terminal having a
most excellent SNR using the corresponding particular column vector.
[0056] FIG. 4 is a block diagram illustrating a configuration of a terminal 400 according to an embodiment of the present
invention. The terminal 400 may include a receiver 410, a channel estimator 420, a precoding vector selector 430, a
channel quality information generator 440, a feedback information generator 450, and a transmitter 460.
[0057] The channel estimator 420 may estimate a channel status of a channel formed between the terminal 400 and
a base station 470.
[0058] The receiver 410 may receive a pilot signal from the base station 470, and estimate the channel status based
on the pilot signal.
[0059] The precoding vector selector 430 may select a precoding vector based on the estimated channel status. The
precoding vector selector 430 may select the precoding vector from a plurality of column vectors included in a precoding
matrix, based on the estimated channel status.
[0060] The feedback information generator 450 may generate, as feedback information, information associated with
the precoding vector. The precoding vector selector 430 may select, as precoding vectors, consecutive column vectors
from the plurality of column vectors included in the precoding matrix. In this case, the feedback information generator
450 may select, as a reference vector, a column vector that is located at an outermost location among the selected
precoding vectors, and may generate, as the feedback information, information associated with the reference vector
and information associated with a number of the column vectors selected as the precoding vector.
[0061] Information associated with the reference vector may include information associated with an index of the
reference vector. The index of the reference vector indicates which column vector is selected as the reference vector
from the plurality of column vectors included in the precoding matrix. When a left-most or right-most column vector
among the consecutive column vectors is selected as the reference vector, the feedback information may be easily
generated.
[0062] The channel quality information generator 440 may generate channel quality information between the terminal
400 and the base station 470 based on the selected precoding vector. The channel quality information generator 440
may generate, as the channel quality information, information associated with an SNR in a case where data is received
from the base station 470 using the precoding vector selected by the precoding vector selector 430. The feedback
information generator 450 may include the channel quality information in the feedback information.
[0063] The transmitter 460 may transmit the feedback information to the base station 470.
[0064] The base station 470 may receive feedback information from each of terminals 400 and 480. The base station
470 may identify a precoding vector selected by each of the terminals 400 and 480, based on the feedback information.
The base station 470 may transmit data to each of the terminals 400 and 480 using the corresponding selected precoding
vector.
[0065] The receiver 410 may receive data from the base station 470 based on the feedback information.
[0066] When the terminals 400 and 480 select the same column vector as the precoding vector, the base station 470
may select any one of the terminals 400 and 480 as a terminal to receive data, and may transmit the data to the selected
terminal using the precoding vector. The base station 470 may select the terminal to receive the data, based on the
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channel quality information transmitted by each of the terminals 400 and 480.
[0067] FIG. 5 is a block diagram illustrating a configuration of a base station 500 according to an embodiment of the
present invention. The base station 500 may include a receiver 510, a precoding vector identifier 520, a terminal selector
530, and a transmitter 540.
[0068] The receiver 510 may receive feedback information from each of terminals 550 and 560 included in the base
station 500.
[0069] The precoding vector selector 520 may identify a precoding vector selected by each of the terminals 550 and
560, based on the feedback information. The selected precoding vectors may be consecutive column vectors among
column vectors included in a precoding matrix. In this case, feedback information may include information associated
with a reference vector that is located at an outermost location among the precoding vectors, and information associated
with a number of column vectors selected as the precoding vectors.
[0070] Information associated with the reference vector may include information associated with a location of the
reference vector in the precoding matrix, and information associated with a location of the reference vector among the
column vectors selected as the precoding vectors.
[0071] For example, the index of the reference vector may be used as information associated with the location of the
reference vector. Information associated with a left-most or right-most column vector among the selected consecutive
column vectors may be used as information associated with the location of the reference vector among the column
vectors selected as the precoding vectors.
[0072] The terminal selector 530 may select, as terminals to receive data, terminals where the selected precoding
vectors do not overlap. For example, when each of the terminals 550 and 560 selects, as the precoding vector, a column
vector included in a different precoding matrix, the terminal selector 530 may select both of the terminals 550 and 560
as the terminals to receive data.
[0073] When each of the terminals 550 and 560 selects, as the precoding vector, a column vector included in the
same precoding matrix, and in this instance, indexes of the selected precoding vectors are different, it indicates that
each of the terminals 550 and 560 selects the different precoding vector. In this case, the terminal 530 may select both
of the terminals 550 and 560 as the terminals to receive data.
[0074] However, when the terminals 550 and 560 select, as the precoding vector, the same column vector included
in the same precoding matrix, the terminal selector 530 may select any one of the terminals 550 and 560 as the terminal
to receive data.
[0075] The receiver 510 may receive, from each of the terminals 550 and 560, channel quality information associated
with the precoding vector selected by each of the terminals 550 and 560. The terminal selector 530 may select the
terminal to receive data based on the channel quality information.
[0076] The channel quality information may be, for example, information associated with an SNR in a case where
each of the terminals 550 and 560 receives data using the corresponding precoding vector. The terminal selector 530
may compare the SNRs in a case where the terminals 550 and 560 receive the data using the corresponding precoding
vector, and may select a terminal having a most excellent SNR as the terminal to receive the data.
[0077] The transmitter 540 may transmit data to the selected terminal. The transmitter 540 may transmit the data using
the precoding vector selected by the selected terminal.
[0078] FIG. 6 is a block diagram illustrating a configuration of a terminal 600 according to another embodiment of the
present invention. The terminal 600 may include a receiver 610, a channel estimator 620, a precoding vector selector
630, a channel quality information generator 640, and a transmitter 650.
[0079] The channel estimator 620 may estimate a channel status of a channel formed between the terminal 600 and
a base station 660. The receiver 610 may receive a pilot signal from the base station 660. The channel estimator 620
may estimate the channel status based on the pilot signal.
[0080] The precoding vector selector 630 may select at least one precoding vector from column vectors included in
a precoding matrix. The precoding vector selector 630 may select consecutive column vectors as precoding vectors. In
this case, the precoding vector selector 630 may select, as the precoding vectors, column vectors that include a first
column vector or a last column vector among the column vectors included in the precoding matrix. The first column
vector indicates a left-most column vector among the column vectors included in the precoding matrix. The last column
vector indicates a right-most column vector among the column vectors included in the precoding matrix.
[0081] The channel quality information generator 640 may generate channel quality information associated with the
selected precoding vector. The channel quality information may be, for example, information associated with an SNR
in a case where each of terminals 600 and 670 receives data using the selected precoding vector.
[0082] The transmitter 650 may transmit information associated with the precoding vector to the base station 660.
[0083] The base station 660 may identify the precoding vector selected by the terminal 600 based on information
associated with the precoding vector, and may transmit the data to the base station 660 using the identified precoding
vector.
[0084] The transmitter 650 may transmit, to the base station 660, channel quality information associated with the
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precoding vector selected by the precoding vector selector 630. When the terminals 600 and 670 select the same column
vector as the precoding vector, the base station 660 may select any one of the terminals 600 and 670 as a terminal to
receive data based on the channel quality information. The base station 660 may transmit the data to the selected terminal.
[0085] When the terminal 600 selects, as the precoding vector, a first column vector included in a precoding matrix
to receive first data from the base station 660, and the terminal 670 selects, as the precoding vector, a second column
vector included in the precoding matrix to receive second data from the base station 660, the channel quality information
may be, for example, information associated with an SNR between the terminal 600 and the base station 660.
[0086] In this case, the channel quality information generator 640 may generate, as second channel quality information,
information associated with an SNR in a case where the terminal 670 does not receive the second data. The transmitter
650 may transmit the second channel quality information to the base station 660.
[0087] The base station 660 may compare an SNR in a case where the terminal 670 receives the second data with
an SNR in a case where the terminal 670 does not receive the second data to thereby select a terminal to receive the data.
[0088] When the terminal 600 selects, as the precoding vector, the first column vector included in the precoding matrix
to receive the first data from the base station 660, and the terminal 670 does not receive the the first data from the base
station 660 using another precoding vector included in the precoding matrix, the channel quality information generator
640 may generate, as the channel quality information, information associated with the SNR between the terminal 600
and the base station 660.
[0089] In this case, when the terminal 670 selects, as the precoding vector, the second column vector included in the
precoding matrix to receive the second data from the base station 660, the channel quality information generator 640
may generate, as the second channel quality information, information associated with the SNR the between the terminal
600 and the base station 660.
[0090] The transmitter 650 may transmit, to the base station 660, the channel quality information and the second
channel quality information. The base station 660 may compare an SNR in a case where the terminal 670 receives the
second data with an SNR in a case where the terminal 670 does not receive the data, to thereby select a terminal to
receive the data.
[0091] Although a few exemplary embodiments of the present invention have been shown and described, the present
invention is not limited to the described exemplary embodiments. Instead, it would be appreciated by those skilled in
the art that changes may be made to these exemplary embodiments without departing from the principles and spirit of
the invention, the scope of which is defined by the claims and their equivalents.
[0092] According to one embodiment there is provided a multi-user Multiple Input Multiple Output (MU-MIMO) com-
munication scheme.
[0093] A terminal may select a precoding vector from column vectors included in a precoding matrix, and feed back
information associated with the selected precoding vector to a base station. The base station may transmit data to the
terminal using the precoding vector.

Claims

1. A terminal comprising:

a channel estimator to estimate a channel status of a channel formed between the terminal and a base station;
a precoding vector selector to select a precoding vector from column vectors included in a precoding matrix
based on the channel status;
a feedback information generator; and
a transmitter,

wherein, when the precoding vector selector selects consecutive column vectors as precoding vectors, the feedback
information generator selects, as a reference vector, a column vector that is located at an outermost location among
the precoding vectors and generates, as feedback information, information associated with the reference vector
and a number of the selected column vectors, and the transmitter transmits the feedback information to the base
station.

2. The terminal of claim 1, further comprising:

a receiver to receive a pilot signal from the base station,

wherein the channel estimator estimates the channel status based on the pilot signal.
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3. The terminal of claim 1 or 2, wherein information associated with the reference vector includes information associated
with an index of the reference vector and information associated with a location of the reference vector among the
consecutive column vectors.

4. The terminal of one of claims 1 to 3, further comprising:

a channel quality information generator to generate channel quality information associated with the channel
formed between the terminal and the base station, based on the precoding vectors,

wherein the feedback information generator includes the channel quality information in the feedback information.

5. A base station comprising:

a receiver to receive feedback information from each of terminals included in the base station;
a precoding vector identifier to identify a precoding vector selected by each of the terminals, based on the
feedback information;
a terminal selector to select, as a data reception terminal, terminals where the selected precoding vectors do
not overlap; and
a transmitter to transmit data to the data receive terminal.

6. The base station of claim 5, wherein:

the precoding vectors are consecutive column vectors included in a precoding matrix, and
the feedback information includes information associated with a reference vector corresponding to an outermost
vector among the precoding vectors, and a number of the column vectors.

7. The base station of claim 5 or 6, wherein information associated with the reference vector includes information
associated with an index of the reference vector and information associated with a location of the reference vector
among the consecutive column vectors.

8. The base station of one of claims 5 to 7, wherein:

the receiver receives, from each of the terminals, channel quality information associated with the precoding
vector, and
the terminal selector selects the data receive terminals based on the channel quality information.

9. The base station of one of claims 5 to 8, wherein the terminal selector selects, from the terminals where the selected
precoding vectors do not overlap, a terminal having relatively excellent channel quality information as the data
receive terminal.

10. A terminal comprising:

a channel estimator to estimate a channel status of a channel formed between the terminal and a base station;
a precoding vector selector to select, from column vectors included in a precoding matrix, at least one consecutive
column vector including a first column vector or a last column vector as a precoding vector, based on the channel
status;
a transmitter to transmit information associated with the precoding vector to the base station; and
a receiver to receive data from the base station based on the precoding vector.

11. The terminal of claim 10, further comprising:

a channel quality information generator to generate channel quality information associated with the precoding
vector,

wherein the transmitter transmits the channel quality information to the base station.

12. The terminal of claim 10 or 11, wherein, when the terminal receives first data from the base station based on the
precoding vector, and a second terminal receives second data from the base station based on other column vector
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unselected as the precoding vector from the column vectors included in the precoding matrix, the channel quality
information generator generates, as the channel quality information, information associated with a signal-to-noise
(SNR) ratio between the base station and the terminal.

13. The terminal of one of claims 10 to 12, wherein the channel quality information generator additionally generates, as
second channel quality information, information associated with an SNR in a case where the second terminal does
not receive the second data.

14. The terminal of one of claims 10 to 13, wherein, when the terminal receives first data from the base station based
on the precoding vector, and other column vectors unselected as the precoding vector from the column vectors
included in the precoding matrix are not used by the base station, the channel quality information generator generates,
as the channel quality information, information associated with an SNR between the base station and the terminal.

15. The terminal of one of claims 10 to 14, wherein, when a second terminal receives second data from the base station
based on the other column vectors unselected as the precoding vector from the column vectors included in the
preceding matrix, the channel quality information generator generates, as second channel quality information, in-
formation associated with an SNR between the base station and the terminal.
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